1. Introduction
===============

Surgery-based comprehensive therapy is the main treatment strategy for thoracic esophageal carcinoma (EC). However, \>60% of patients are not suitable for surgery because they are diagnosed at an advanced stage.^\[[@R1]\]^ The survival rate in patients with chemoradiotherapy (CRT) is close to that in patients who undergo surgery.^\[[@R2],[@R3]\]^ CRT is recognized as a standard nonsurgical therapy for EC by the US National Comprehensive Carcinoma Network and by the Esophageal Carcinoma Treatment Guidelines of Japan. Evaluation of the efficacy and prognosis of CRT in EC is of clinical importance to identify individualized therapy.

According to the pathological characteristics in the EC tissues after neoadjuvant therapy, Ou et al^\[[@R4]\]^ classified the pathological responses into mild, moderate, and intensive, and found that the 5-year overall survival (OS) rates in these 3 groups were 21.1%, 46.4%, and 60.7%, respectively. This observation suggests that the pathological response was associated with OS, that is, a stronger pathological response led to better prognosis, and vice versa. Cheng et al^\[[@R5]\]^ analyzed the pathological response to neoadjuvant therapy in 79 EC patients, and found that pathological CR was an independent prognostic factor.

Vascular endothelial growth factor (VEGF), mainly secreted by vascular endothelial cells, is a mitogenic factor that specifically promotes division of endothelial cells, enhances permeability of blood capillaries, and induces endothelial cell migration and angiogenesis, and it is positively correlated with microvascular density. VEGF is normally expressed in vascular endothelial cells, esophageal mucosal cells, and macrophages, and can also be expressed in tumor cells and endothelial cells inside the tumor, and detected in serum and exudates.^\[[@R6]\]^ VEGF is expressed at a low level in normal tissues to maintain vascular density and permeability for transportation of nutrients.^\[[@R7]\]^ In contrast, VEGF is highly expressed in tumors,^\[[@R8]\]^ especially in vascular-dependent malignant tumors such as EC, as its growth demands nutrient supply by blood vessels. Angiogenesis is a complicated and multistep process, in which VEGF plays the most important role among all the angiogenic factors and participates in the whole process. VEGF is an independent prognostic factor of EC, as it plays a crucial role in recurrence and metastasis.^\[[@R9]--[@R11]\]^ Serum VEGF level is closely associated with tumor load, depth of infiltration, and lymphatic metastasis, and is higher in patients with a larger tumor size and more lymph node metastasis.^\[[@R12]\]^ The secretion of VEGF is decreased along with the reduction in tumor load as a result of radiotherapy, and serum VEGF level declines accordingly.^\[[@R12]\]^ Recently, expression of VEGF was found to be associated with tumor angiogenesis, lymphatic metastasis, and survival in EC,^\[[@R13],[@R14]\]^ and it is an independent prognostic factor for EC.

In this study, we evaluated the pathological responses in the tumor tissues and the changes in serum VEGF level in the nonsurgical EC patients who received CRT, to study the relationship between these 2 factors and treatment efficacy and patient prognosis. Our study provides additional information for individualized therapy and for further improvement of efficacy of CRT.

2. Materials and methods
========================

2.1. Patients
-------------

We included 89 patients with EC (squamous cell carcinoma) treated with radiotherapy or CRT in the Department of Radiotherapy at the Second People\'s Hospital of Changzhou between January 2008 and May 2016. The inclusion criteria were Eastern Cooperative Oncology Group (ECOG) performance status 0 or 1; no treatment before enrollment; age ≤80 years; denied history of surgical treatment or with contraindications for surgery; absence of esophageal perforation; without severe hepatic, renal, and cardiopulmonary dysfunction; and no severe cachexia. Patients in pregnancy or lactation, with other malignancies, or those with inadequate follow-up data were excluded. The study was approved by the Ethics Committee of the Second People\'s Hospital of Changzhou Affiliated to Nanjing Medical University.

2.2. Treatment
--------------

All patients underwent computed tomography (CT) simulation in the supine position, with CT images obtained at 3 mm thickness throughout the entire neck and thorax. Treatment plans were generated with a 3-dimensional (3D) planning system (ADAC-Pinnacle 3: Philips Healthcare, Amsterdam, Netherlands, version 9.3). Irradiation was delivered with 6 MV photon energy through 3D conformal radiotherapy or intensity-modulated irradiation therapy. Gross tumor volume (GTV) was defined as any visible primary tumor on CT or esophageal barium study, as well as metastatic lymph nodes. Metastatic nodes were identified based on the following radiographic criteria: nodes ≥1 cm in the shortest axis in the intra-abdominal and/or intrathoracic regions and nodes beside the recurrent nerve with the shortest axis of ≥0.5 cm. Clinical target volume (CTV) was defined as GTV and 3 cm of proximal and distal normal esophagus without lateral margins. Planning target volume (PTV) was determined by adding a 1 cm margin around the CTV. Radical prescription dose was 60 to 66 Gy/30 to 33 fractions/6.0 to 6.6 weeks. PTV prescription dose was 50 Gy/25 fractions/5 weeks. The maximal dose for the spinal cord was \<45 Gy, and the mean dose for the lung should not surpass 13 Gy. The pulmonary V20 (volume of the whole lung receiving ≥20 Gy) and cardiac V50 (volume of the whole heart receiving ≥50 Gy) should be \<28% and \<45%, respectively. In total, 65 cases received chemotherapy with liposomal paclitaxel (LUYE Pharma, Nanjing, China) at a dose of 135 mg/m^2^ given by intravenous infusion on the first day and cisplatin (Nuoxin; Hansoh Parmaceutical, Jiangsu, China) at a dose of 20 mg/m^2^ daily given by intravenous infusion from day 2 to day 5. Two cycles of chemotherapy were carried out concurrently with radiotherapy. After radiotherapy, 2 cycles (21--28 days for each cycle) of maintenance chemotherapy were administered.

2.3. Pathological examination
-----------------------------

Gastroscopy was performed at week 4 after radiotherapy to collect tumor biopsies. The pathological responses to radiation were classified into 3 types based on the pathological features in the tumor tissues.^\[[@R4]\]^ Non-CR responses were presence of tumor cells, slight degeneration of tumor cells, reduced number of mitotic cells, mild infiltration of inflammatory cells, and angiogenesis. CR responses were disappearance of the majority of tumor cells, degeneration of residual tumor cells, often surrounded by granulation tissue, and plenty of infiltrated inflammatory cells.

2.4. Detection of serum VEGF level
----------------------------------

Blood was collected from the patients before, at week 4 of, and 1 week after radiotherapy. Two milliliters of peripheral venous blood was collected, mixed, and centrifuged for 10 minutes at 3000 rpm with a centrifugal radius of 10 cm. The serum was kept at −70°C for further tests. Serum samples from 30 healthy subjects were collected and represented the VEGF healthy controls. VEGF was detected using a double-antibody sandwich avidin-biotin complex ELISA (ABC-ELISA VEGF kit, Zhongjin Life Sciences, Inc., Shanghai, China).

2.5. Treatment toxicity evaluation and follow-up
------------------------------------------------

Radiation and chemotherapy toxicity was classified according to RTOG and CTC toxicity criteria, respectively. The highest score noted was recorded as the patient\'s toxicity grade. After CRT, the patients were followed up every 3 months for the first 2 years and every 6 months thereafter. Each visit included history taking, physical examination, complete peripheral blood tests, electrocardiography, abdominal ultrasound, esophageal barium radiography, and chest CT. The efficacy was evaluated on the basis of OS and progression-free survival (PFS).

2.6. Statistical analysis
-------------------------

Statistical analysis was performed using SPSS Statistics 19.0 (IBM Corp., Armonk, NY), and the measurement data were expressed as mean ± standard deviation. Comparison of the rates between multiple groups and correlation analysis of the categorical data were performed using the χ^2^ test. The OS and PFS rates were calculated using the Kaplan--Meier method, and the statistical significance was tested with the log-rank test. Cox proportional hazard model was used to analyze the prognosis of multiple prognostic factors. For the 2-tailed tests, *P* \< .05 was considered statistically significant.

3. Results
==========

3.1. Patient characteristics
----------------------------

Eight patients were not willing to undergo gastroscopy and 3 were lost to follow-up. The remaining patients were followed up for 12 to 91 months until December 31, 2015. Fifty-four patients died during follow-up, with 8 deaths unrelated to tumor recurrence, metastasis, or treatment complications. The overall 1- and 3-year OS rates were 70.8% (63/89) and 33.3% (26/78), respectively; 1- and 3-year PFS rates were 61.8% (55/89) and 28.2% (22/78), respectively; and median OS and PFS were 20.5 and 15.7 months, respectively. Table [1](#T1){ref-type="table"} summarizes the clinical profiles of the patients.
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Patients' characteristics.
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3.2. Tolerance and toxicity
---------------------------

All 89 patients tolerated CRT well and completed treatment without interruption. Esophageal grade 1, 2, 3, and 4 toxicity rates were 66%, 29%, 5%, and 0%, respectively. Eight patients were not willing to undergo gastroscopy, and all other patients tolerated gastroscopy without severe complications. Grade 1, 2, 3, and 4 lung toxicity rates were 54%, 5%, 2%, and 0%, respectively. Grade 1, 2, 3, and 4 blood toxicity rates were 11%, 45%, 28%, and 8%, respectively.

3.3. Relationship between pathological response in EC tissue and patient prognosis
----------------------------------------------------------------------------------

Gastroscopy was performed at week 4 to collect tumor biopsies. The pathological responses were classified into non-CR (22 cases) and CR (67 cases). The OS and PFS rates in these 2 groups are summarized in Table [2](#T2){ref-type="table"}. The OS curves are shown in Fig. [1](#F1){ref-type="fig"} and the PFS curves in Fig. [2](#F2){ref-type="fig"}.
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Pathological responses according to sex, age, tumor location, tumor type, T stage, N stage, and TNM stage.
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![Comparison of OS in subgroups of pathological response. CR = complete response, EC = esophageal cancer, OS = overall survival.](medi-98-e15627-g003){#F1}

![Comparison of PFS in subgroups of pathological response. CR = complete response, EC = esophageal cancer, OS = overall survival.](medi-98-e15627-g004){#F2}

3.4. Effects of CRT on serum VEGF level in EC patients
------------------------------------------------------

The average serum VEGF levels in the 89 EC patients before, during, and after radiotherapy were 109.6 ± 33.7, 101.2 ± 24.3, and 99.5 ± 22.9 ng/L, respectively. These values were all higher than those in the healthy subjects, which were all 79.6 ± 39.2 ng/L, and the differences were significant (*P* \< .05 for all the comparisons). The serum VEGF level was reduced during and after radiotherapy as compared to before radiotherapy (*P* \< .05 for both comparisons). The OS and PFS rates in these 3 groups are listed in Table [3](#T3){ref-type="table"}. The OS curves of these subgroups are illustrated in Fig. [3](#F3){ref-type="fig"} and the PFS curves in Fig. [4](#F4){ref-type="fig"}.

###### 

VEGF trends according to sex, age, tumor location, tumor type, T stage, N stage, and TNM stage.
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![Comparison of OS in various VEGF changes among EC patients. EC = esophageal cancer, OS = overall survival, VEGF = vascular endothelial growth factor.](medi-98-e15627-g006){#F3}

![Comparison of PFS in various VEGF changes among EC patients. EC = esophageal cancer, PFS = progression-free survival, VEGF = vascular endothelial growth factor.](medi-98-e15627-g007){#F4}

3.5. The relationship between pathological reaction and serum VEGF level before radiotherapy and the changes of serum VEGF in radiotherapy
------------------------------------------------------------------------------------------------------------------------------------------

The serum VEGF levels of pathological CR and non-CR patients were 108.9 + 33.9 and 111.9 + 33 ng/L before radiotherapy, respectively, and there was no statistical difference between the 2 groups (*t* = 0.362, *P* = .718). There was no correlation between pathological changes and VEGF changes (*r*s = 0.091, *P* = .396).

3.6. Analysis of prognostic factors
-----------------------------------

Kaplan--Meier estimates of OS and PFS for the entire cohort are summarized in Table [4](#T4){ref-type="table"}. The univariate analysis showed that the patient\'s age, sex, pathological type, Karnofsky Performance Score, tumor type, and treatment method (radiotherapy or CRT) did not exert any significant effect on OS (χ^*2*^ = 0.022--2.762, *P* = .097--.881), whereas T stage, N stage, tumor-node-metastasis (TNM) stage, pathological response, and VEGF trend did influence survival (χ^*2*^ = 7.20--26.155, *P* = .097--.881). The beneficial factors for OS and PFS were identified in multivariate analysis (Table [5](#T5){ref-type="table"}). The multivariate analysis revealed that TNM stage, pathological response, and VEGF trend were factors that influenced prognosis (χ^2^ = 4.316--8.289, *P* = .004--.038).
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Univariate results for overall survival and progression-free survival of prognostic factors in patients of esophageal cancer.
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Multivariate analysis of OS and PFS as prognostic factors in EC.
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4. Discussion
=============

Surgery is the primary therapeutic strategy for EC. However, it is not suitable for patients who were diagnosed at an advanced stage or had other underlying diseases, or when the patient refuses surgery, and CRT becomes the main therapeutic alternative. Thus, assessment of CRT in nonsurgical EC patients is of clinical importance.

Several studies have reported that neoadjuvant therapy could guarantee a greater response in tumor tissue such as a better long-term survival.^\[[@R4],[@R5],[@R15]\]^ In a study by Tahara et al,^\[[@R16]\]^ EC patients received radical radiotherapy, and gastroscopy-guided pathological examination was performed 1 month later. The pathological responses were classified as CR (58%, 80/139) and non-CR (42%, 59/139), 3- and 5-year OS rates in the CR group were 55% and 46%, respectively, while 3- and 5-year OS rates in the non-CR group were 11% and 6%, respectively. The OS in the CR group was significantly higher than that in the non-CR group. CR criteria were as follows: complete disappearance of tumor; complete disappearance of ulcerative and necrotic tissues; and tumor cells not detected by biopsy. Our study adopted the pathological criteria previously reported by Ou et al,^\[[@R4]\]^ and the pathological response in the CR group was similar to that in the CR group in the study by Tahara et al.^\[[@R16]\]^ In our study, the CR rate was 46.1%, which was lower than the CR rate (58%) in the study by Tahara et al.^\[[@R16]\]^ This is probably related to the different times of biopsy. In the present study, gastroscopic biopsy was performed during the course of radiotherapy (40 Gy/20 times), whereas Tahara et al^\[[@R16]\]^ performed biopsy 1 month after radiotherapy (60 Gy/30 times). Our group previously studied the relationship between pathological response to CRT and prognosis in 46 EC patients. No significant difference was observed in the OS rate or the survival time between these 3 groups.^\[[@R1]\]^ In the present study, the OS rate and the OS time in the non-CR group were lower than in the CR groups, which was consistent with the findings by Tahara et al.^\[[@R16]\]^ PFS and LC rate in the non-CR group were also lower than the CR groups.

In this study, the overall VEGF serum level was reduced in all the patients during and after chemotherapy compared with before therapy. However, the relationship between pre-therapy serum VEGF level and patient\'s prognosis in our study was not the same as in previous studies. Rades et al^\[[@R17]\]^ discussed the impact of VEGF on the prognosis of late-stage focal EC, and proposed that pre-therapy serum VEGF level is negatively correlated with prognosis. Cheng et al^\[[@R5]\]^ examined VEGF level in EC patients before and after preoperative radiotherapy, and found that pre-radiation serum VEGF level was negatively correlated with PFS but not with OS. In our previous study, we did not detect a correlation between pre-radiation serum VEGF level and patient prognosis.^\[[@R1]\]^ Unlike most studies, after evaluation of pre-radiotherapy serum VEGF level in 44 patients, Yoon et al^\[[@R11]\]^ proposed a positive correlation between a high level of pre-radiotherapy VEGF and post-CRT CR. In the present study, the pre-radiotherapy serum VEGF level was not significantly correlated with OS or PFS, and the results are consistent with our previous study.^\[[@R1]\]^ Kimura et al^\[[@R18]\]^ found that a high pre-therapy serum VEGF level increased the recurrence rate of EC. However, in the present study, serum VEGF level was not correlated with LC rate. In our previous work, we discovered that the VEGF trend in response to radiotherapy was associated with radiosensitivity and prognosis, and the short-term efficacy was worse in the VEGF-increasing group compared with the VEGF-declining group, but the OS was not significantly different between these 2 groups. In the present study, 1- and 3-year OS rate, 3-year PFS rate, OS, and PFS in the VEGF-increasing group were all significantly worse than those in the VEGF-declining group. However, the difference in 1-year PFS rate was not significant, probably due to the small sample size. Among the patients with a better prognosis, serum VEGF levels during and after therapy were decreased compared with the pre-therapy level, whereas the VEGF level increased in those with a worse prognosis. It seems that VEGF expression was upregulated in response to radiotherapy, suggesting that it is a self-protection and pro-survival mechanism in the endothelial cells to reduce radiation-induced cytotoxicity and radioresistance enhancement.

In a study by Cheng et al,^\[[@R5]\]^ the pre-radiotherapy serum VEGF level and VEGF trend during radiotherapy were not associated with pathological response. Consistent with the findings by Cheng et al,^\[[@R5]\]^ we found that the pre-radiotherapy serum VEGF level did not significantly change among the patients with different pathological responses, nor did the VEGF trend. There was no correlation between pathological response and VEGF trend. In the CR group, the VEGF level significantly declined during radiotherapy compared with pre-therapy, suggesting that the patients with a rapid decline in VEGF may have been more sensitive to radiation. This observation is consistent with a previous study by Yu et al.^\[[@R1]\]^

The multivariate analysis indicated that TNM stage, pathological response, and serum VEGF trend are prognostic factors of nonsurgical EC patients. A higher recurrence rate in patients with a non-CR was observed, suggesting that more-intensive local treatment should be considered. Anti-angiogenic agents such as thalidomide can increase radiosensitivity in EC cells and reduce VEGF expression in EC patients with a rising VEGF level in response to radiotherapy, therefore enhancing the therapeutic efficacy and improving prognosis.^\[[@R19],[@R20]\]^

In conclusion, the pathological response to radiotherapy and VEGF trend are both closely associated with CRT efficacy and prognosis in nonsurgical EC patients. Our study has identified potential radiosensitivity indicators for prognosis in EC, which may be important for the adjustment of therapeutic plans and guidance for individualized therapy.

5. Article highlights
=====================

5.1. Background
---------------

ESCC is the predominant histological subtype of esophageal cancer in China. Radiotherapy is the main treatment for advanced esophageal cancer. Although radiotherapy technology has made great progress, the 5-year survival rate is still only 10% to 39%. Few studies have investigated the pathological responses in the tumor tissues and the changes in VEGF serum level in EC patients receiving radiotherapy or CRT. We studied the impacts of these 2 factors on the prognosis of the patients with confirmed ESCC using data from the Department of Radiotherapy at the Second People\'s Hospital of Changzhou.

5.2. Research frontiers
-----------------------

The main reason for the poor efficacy of radiotherapy for esophageal cancer may be the existence of radiation-resistant cells in esophageal cancer tissues. Anti-angiogenesis therapy is an effective way to overcome esophageal hypoxia and improve radiotherapy sensitivity of esophageal cancer cells. Among the many factors regulating angiogenesis, VEGF is most closely related to radiotherapy sensitivity of esophageal cancer. The expression of VEGF in esophageal cancer tissues is negatively correlated with radiosensitivity.

5.3. Innovations and breakthroughs
----------------------------------

This is one of the largest studies on the pathological response and change in serum VEGF, and explores their correlation with the prognosis of nonsurgical patients with EC treated with CRT. It showed that the expression of VEGF in the blood of patients with esophageal cancer was closely related to the efficacy and prognosis of radiotherapy. It can be seen that anti-angiogenic drugs targeting VEGF enhance the sensitivity of esophageal cancer to radiotherapy.

5.4. Applications
-----------------

The pathological response of tumor tissue and the changes in serum VEGF in the course of radiotherapy and chemotherapy can predict therapeutic efficacy in patients with esophageal cancer. The pathological response and changes in VEGF during treatment are important in guiding individualized treatment, which can benefit patients with esophageal cancer.
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Few studies have evaluated the pathological response in tumor tissues and the changes in serum vascular endothelial growth factor (VEGF) level in patients with esophageal carcinoma (EC) receiving radiotherapy or chemoradiotherapy (CRT). Tumor tissue pathological response and changes in serum VEGF level during treatment can predict the prognosis of EC patients receiving CRT. Hence, monitoring these changes during treatment is important to perform and evaluate individualized therapy in clinical practice.
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